Introduction
The number of mushrooms on Earth is estimated at 140,000 species, yet only 10% of them are known (Kirk et al., 2001) . For a long time, mushrooms have been valued as an edible and medicinal resource. Auricularia auricula-judae known as the Jew's ear, wood ear, jelly ear or by a number of other common names, is a species of edible Auriculariales fungus found worldwide (Sung et al., 2000) . Auricularia auricula-judae is an edible mushroom that is cultivated in China, Taiwan, Thailand, and Indonesia. The mushroom is reddish brown, gelatinous, usually wrinkled or veined surface and without distinctive smell (Chang, 1996; Royse, 1997) . It grows singly or usually in clusters on coniferous and deciduous wood, and so is classified as a wood-decaying fungus (Abraham et al., 1998; Shin et al., 1991) . The fruiting body is distinguished by its noticeably ear-like shape and brown colouration; it grows upon wood, especially elder. Fruiting bodies with a diameter 3~12 cm, is a Bellshaped and ear-shaped (Park and Lee, 1991) . Moreover, it was reported anti-cancer effects, cardiovascular therapy, and anti-cholesterol effect (Lee et al., 1981; Chen, 1989; Cheung, 1996; Misaki and Kakuta, 1995) . This study has been conducted to development of mass culture system and species improvement, food pharmacological action and food materials of Auricularia auricula-judae. This study was focused on culture conditions affecting the optimal mycelial growth of Auricularia auricula-judae.
Materials and Methods

Fungal isolates
The isolates of A. auricula-judae species used in this study were listed in Table 1 . A. auricula-judae ASI 6033 and A. polytricha ASI 6009 were obtained from Rural Development Administration. A. auricula-judae GBAA-01, GBAA-02 and GBAA-03 were collected in the wild. All isolates were maintained on Potato Dextrose Agar medium (PDA).
Culture media: Twelve different culture media were prepared to screen suitable culture media to mycelial growth of A. auricula-judae (Table 2 ). The culture media were sterilized for 20 minutes at 121 o C and aseptically poured into plastic petridish. An inoculum was removed from five days old cultures of A. auriculajudae grown on PDA at 25 o C. Mycelial disk (5 mm in diameter) from the cultures was placed in the center of each 85 mm plastic petridish containing about 20 ml of 12 different media. The fungi were incubated under the dark condition for 10 days at 25 o C. Thereafter the mycelial growth, density and color of the colony were examined.
Temperature: The growth of mushroom was investigated at different temperatures in the ranges of 10 o C~35 o C. The fungi were cultured on PDA for 8 days and the mycelial growth was determined as described above.
Effect of pH: To screen pH value necessary for a favorable growth of A. auricula-judae species a 5 mm diameter plug of an inoculum was removed with cork borer from 5 days old cultures of A. auricula-judae grown on PDA, placed in the center of PDA adjusted to the range of pH 4~9 with 1 N NaOH or HCl and incubated under the dark condition for 10 days at 25 o C. The measurement of mycelial growth was performed according to the method described by Shim et al. (1997) .
Effect of favorable nutrient sources
Carbon sources: The experiment was performed on the mushroom minimal media (MMM: dextrose 20 g, MgSO 4 0.5 g, KH 2 PO 4 0.46 g, K 2 HPO 4 1 g, asparagine 2 g, thiamine-HCl 120 µg, agar 20 g, distilled water 1,000 ml) supplemented with each of 10 carbon sources. Each carbon source was added to mushroom minimal media at the concentration of 2%. The fungi were incubated under the dark condition for 14 days at 25 o C. Thereafter we examined the mycelial growth, density and color of the colony.
Nitrogen sources: To screen nitrogen source suitable to the mycelial growth of A. auricula-judae the experiment was performed on the mushroom minimal media supplemented with each of 12 nitrogen sources. Each nitrogen source was added to mushroom minimal media at the concentration of 0.2%. A 5 mm diameter plug an inoculum of A. auricula-judae cultures placed in the center of petridish and incubated under the dark condition for 10 days at 25 o C. Thereafter the mycelial growth, density and color of the colony were examined.
C/N ratio: On the mushroom minimal media which were mixed with 10, 8, 6, 4, 2, 1, 0.4 and 0.2% glucose as a carbon source and then mixed continually with 0.2% NaNO 3 as a nitrogen source, the mycelial growth of A. auricula-judae was examined. The C/N ratio was adjusted to 50:1, 40:1, 30:1, 20:1, 10:1, 5:1, 2:1 and 1:1 in each medium. Inoculated each media incubated under the dark condition for 15 days at 25 o C. Thereafter the mycelial growth, density and color of the colony were examined.
Vitamin: On the sterilized mushroom minimal media which were mixed with thiamine-HCl 0.1 mg/l, riboflavin 0.5 mg/l, biotin 0.005 mg/l, pyridoxine 0.5 mg/l and nicotinamide 2.0 mg/l those were filtrated by metrical membrane filter (0.2 µm). Inoculated each media incubated under the dark condition for 12 days at 25 o C. Thereafter the mycelial growth, density and color of the colony were examined. Organic acid: On the mushroom minimal media which were mixed with acetic acid, citric acid, maleic acid, lactic acid, succinic acid and fumaric acid at the concentration of 0.1%, respectively. Inoculated each medium incubated under the dark condition for 13 days at 25 o C. Thereafter the mycelial growth, density and color of the colony were examined.
Mineral salt: To screen mineral salts suitable to the mycelial growth of A. auricula-judae, the experiment was performed on the YM solid media (peptone 5 g, yeast extract 3 g, malt extract 3 g, dextrose 10 g, agar 20 g and DW 1,000 ml) which was supplemented with each of 9 mineral salts. Each mineral salt was added to YM solid media at the concentration of 0.1%. Inoculated each media incubated under the dark condition for 10 days at 25 o C. Thereafter the mycelial growth, density and color of the colony were examined.
Results and Discussion
Screening of the suitable culture media
The mycelial growth of A. auricula-judae was favorable in PDA and MCM whereas was poor in Czapek dox, Leonian, Hennerberg and Hoppkins medium (Table 3 ). The mycelial growth of A. polytricha isolate ASI 6009 was less than A. auricula-judae GBAA-01, GBAA-02, GBAA-03, and ASI 6033. Colony's color was that A. auricula-judae four isolates and A. polytricha isolate ASI 6009 were white. Shim et al. (2005) also reported that PDA, YM, Mushroom complete and Hamada were the most suitable, whereas Czapex dox and Glucose peptone were unfavorable to mycelial growth of Macrolepiota procera.
Effect of the temperature: The suitable temperature for the mycelial growth of A. auricula-judae was obtained at 25~30 o C (Fig. 1) . Their mycelial growth was suppressed rapidly at the temperature higher than 30 o C and lower than 20 o C. Yu et al. (2013) reported that the optimum culture temperature of A. auricula-judae was 25~30 o C. It was concluded that the above results were similar with this study.
Effect of pH:
The pH value suitable for a favorable growth of A. auricula-judae was obtained in the range of pH 6~9. However, the mycelial growth and density of A. auricula-judae was almost identical in the range of pH 6~9 (Table 4) . It is generally known that optimum pH of A. auricula-judae was pH 6~7 (Yu et al., 2013) . The results suggest that A. auricula-judae may have a broad pH range for its favorable mycelial growth in the nature.
Effect of favorable nutrient sources
Carbon sources: The carbon sources promoting a mycelial growth and mycelial density of A. auriculajudae were mannose (Table 5 ). Among 10 carbon sources, mannose showed colony diameter of A. auricula-judae GBAA-01 was 73 mm. Griffin (1994) suggested that mannose and fructose are the most commonly utilized sugars after glucose.
Nitrogen sources: The nitrogen sources promoting a mycelial growth of A. auricula-judae were malt extract and yeast extract (Table 6 ). The mycelial density of A. auricula-judae GBAA-01 was compact in yeast extract. Among 13 nitrogen sources, yeast extract showed colony diameter of A. auricula-judae GBAA-01 was 46.3 mm and peptone showed colony diameter of A. auricula-judae ASI 6033 was 60.3 mm. Jeong et al. (2005) reported that the optimum culture nitrogen sources of G. applanatum was corn steep power (10%). Kim et al. (2014) reported that the optimum culture nitrogen sources of A. auricula-judae was peptone. It was concluded that the above results were similar with this study.
C/N ratio: The C/N ratios promoting a mycelial growth of A. auricula-judae were 1:1, 2:1, 5:1 and 10:1 ( Table 7 , Fig. 2 ). The mycelial density of A. auriculajudae GBAA-01 was compact in C/N ratio 10:1, 5:1, 2:1 and 1:1. Among 8 C/N ratios, C/N ratio 2:1 and 5:1 showed colony diameter of A. auricula-judae GBAA-01 was 61.7 mm and 52.3 mm. C/N ratio 10:1 and 5:1 showed colony diameter of A. auricula-judae ASI 6033 was 77.7 and 78.0 mm. Jo et al. (2006) reported that the optimum culture C/N ratio of Phellinus spp. was 10:1 and 5:1. Kim et al. (2014) reported that the optimum culture C/N ratio of A. auricula-judae was 10:1.
Vitamin: When various vitamins were added to the MMM medium, thiamine-HCl and biotin were very excellent for a mycelial growth of A. auricula-judae (Table 8) . After 12 days cultivation, colony diameter of A. auricula-judae GBAA-01 for biotin was 52.3 mm. Organic acid: When various organic acids were added to the maleic acid, and succinic acid were very excellent for a mycelial growth of A. auricula-judae (Table 9) . After 12 days cultivation, colony diameter of A. auriculajudae GBAA-01 for succinic acid was 57.7 mm.
Mineral salt: When various mineral salts were added to the MgSO 4 ·7H 2 O, KH 2 PO 4 and NaCl were very excellent for a mycelial growth of A. auricula-judae whereas ZnSO 4 7H 2 O was almost no growth of A. auricula-judae isolates (Table 10) . Chi et al. (1996) reported that the optimum culture mineral salt of P. linteus was MgSO 4 ·7H 2 O. : Values in the same line with different literal differ at Duncan's multiple range test (P<0.05) and results are mean ± standard deviation of three replicates.
